deSUMOylation enzyme which targets a number of key proteins for promoting the stabilization of hypoxia-inducible factor-1 alpha (HIF-1α). 9, 10 The overexpression of SENP1 contributes to the abnormity of the cell nucleus and mitochondria. 11, 12 It has been reported that the expression of SENP1 was upregulated in NSCLC. 13 Hypoxia-inducible factor-1 alpha activates downstream glycolytic enzyme-encoding genes and promotes glycolysis and glucose metabolism, epithelial-mesenchymal transition (EMT), and tumor metastasis. 9, [14] [15] [16] [17] The overexpression of HIF-1α is well known to be correlated with the poor overall survival of several cancers. 18, 19 The stable activity of SENP1 under hypoxia-stressed hepatocellular carcinoma could sustain cancer stem cell stemness by promoting deSUMOylation and stabilization of HIF-1α. 17, 20 SENP1 expression desensitizes cancer cells to chemoradiotherapy via the upregulation of HIF-1α. 21 Vascular endothelial growth factor (VEGF) is a target of HIF-1α, and the activation of HIF-1α/VEGF signaling pathway is essential for angiogenesis, tumor angiogenesis, atherosclerosis, and diabetes mellitus. [22] [23] [24] In contrast, the suppression of SENP1, HIF-1α, and VEGF was reported to suppress tumor development and aggressiveness of cancers, including NSCLC. 13, 25 However, there was less information on the in vivo association of SENP1 expression with chemotherapy resistance of NSCLC.
To investigate it, we evaluated the expression of SENP1 in NSCLC tumor and adjacent non-tumor tissues. The chemotherapy response rate of NSCLC patients with high and low SENP1 expression was evaluated for the assessment of the association between SENP1 expression and chemotherapy resistance of NSCLC. Overall survival and
Cox's regression model analyses were performed to evaluate the potential of using SENP1 as a risk factor for the poor prognosis of NSCLC and the independent risk factors for NSCLC. This study would provide us with more information on the association of SENP1 overexpression with NSCLC resistance to chemotherapy. 
| ME THODS AND MATERIAL S

| Patients
| Analysis of SENP1 profile
Sentrin-specific peptidase 1 expression was detected using the im- Histological scores (positive cell numbers and intensity), differentiation, and pathology types were evaluated in a double-blind manner.
The relative expression level of SENP1 mRNA was detected using qRT-PCR. Total RNA was extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol.
The cDNA was generated and relative SENP1 mRNA expression level was detected using SYBR Premix Ex Taq kit (TaKaRa, Tokyo, Japan) according to the manufacturer's instructions. Data collection was performed on an ABI 7500 real-time instrument (Applied Biosystems, Carlsbad, CA, USA) using standard conditions. Results were analyzed with normalization to the expression of β-actin.
| Response evaluation
The response to chemotherapy was evaluated according to the 
| Statistical analysis
Clinical variables (age, gender ratio, smoking history, TNM stage, and chemotherapy) were analyzed using Wilcoxon rank-sum tests or chisquared (Fisher's exact) test. Kaplan-Meier overall survival analysis (interval from first-line treatment to the last visit or death) was performed.
Difference between overall survival curves was assessed using Log-rank test. Deaths out of NSCLC were the primary end and deaths out of other causes were censored. Cox proportional hazards regression model was used to analyze the independent risk factors for NSCLC prognosis. All statistical analyses were performed using SPSS 18.0 software (IBM, Armonk, NY, USA). P < .05 was considered as statistically significant.
| RE SULTS
| Overexpression of SENP1 in NSCLC tissues
We found that the expression of SENP1 in NSCLC tissues was significantly higher than that in adjacent non-tumor tissues (P < .05, Figure 1A ,B). The expression level of SENP1 was gradually upregulated in patients with CR, PR, and NR tumors ( Figure 1C,D) . These suggested that the overexpression of SENP1 in NSCLCs might be related to chemotherapy resistance.
| Clinical characteristics
According to the histological scores, we defined NSCLC with scores ≥3 as SENP1 overexpression (n = 61, 62.89%) and those with scores <3 as low expression (n = 36, 37.11%), respectively. The clinical characteristics between the 2 groups were analyzed (Table 1) . We found there were significant differences in tumor differentiation and T, N, and TNM classifications between the 2 groups. Tumors with SENP1 overexpression showed lower differentiation (P < .05) and higher classifications (P < .01) than those with low SENP1 expression. These data showed SENP1 overexpression was associated with moderate and low differentiation of NSCLC tumors.
| Death, chemoradiotherapy response, metastasis, and overall survival
At the end of 6-year follow-up, a total of 45 deaths were informed and there was higher death rate (57.4%) in patients with SENP1 CR, complete response, the disappearance of all target lesions; PR, partial response, at least a 30% decrease in the sum of the longest diameter of target lesions, taking as reference the baseline sum longest diameter. NR, non-response, including stable diseases (neither sufficient shrinkage to qualify for partial response nor sufficient increase to qualify for progressive disease, taking as reference the smallest sum longest diameter since the treatment started) and progressive diseases (at least a 20% increase in the sum of the longest diameter of target lesions, taking as reference the smallest sum longest diameter).
F I G U R E 2
Overall survival curves of non-small cell lung cancer (NSCLC) patients with high and low sentrin-specific peptidase 1 (SENP1) expression. Red and green lines indicate the overall survival of patients with high and low SENP1 expression, respectively. Log-rank test was used for difference analysis. Deaths out of NSCLC were the primary end points and deaths out of other causes were censored overexpression than that (33.3%) in patients with low SENP1 expression (P < .05, Table 2 ). All patients were available for the response evaluation of chemotherapy, and 37 (38.14%), 21 (21.65%), and 39 patients (40.21%) were defined as CRs, PRs, and NRs (including 17 PDs and 21
SDs), respectively. The percentages of PR and NR of tumors with SENP1 overexpression were obviously higher than those with low expression of SENP1 (P < .05), while the percentage of CR of tumors with SENP1 overexpression (21.3%) was lower than that with low SENP1 expression (50%, P < .05). We also found that the recurrence and metastasis rates in patients with SENP1 overexpression (42.6%) was higher than that in patients with low expression of SENP1 (13.9%, P < .01, Table 2 ).
These data might reveal that the higher expression of SENP1 was related to chemotherapy resistance and metastasis of NSCLC.
In the overall survival analysis, we found the overall survival in patients with SENP1 overexpression (median 34.1 months) to be significantly shorter than patients with low SENP1 expression (66.7 months, P < .05, Figure 2 ). Using the multivariate Cox's regression model, we determined TNM stage at diagnosis, lymphatic metastasis, and SENP1 expression was an independent risk factor for NSCLC prognosis (Table 3 ).
| D ISCUSS I ON
The overexpression of SENP1 had been reported in several cancers.
Results in this present study showed that SENP1 was a risk factor for poor NSCLC prognosis. We also demonstrated that the overexpression of SENP1 in NSCLC was related to chemotherapy resistance.
It has been reported that the depletion of SENP1 could increase radiosensitivity in A549 cells. 13 Wang et al 13 showed that increased SENP1 level in A549 cells promoted cell proliferation, while the inhibition of SENP1 induced G1 cell cycle arrest and radiosensitivity. Dong et al 9 also reported that the knockdown of SENPs in clear cell renal cell carcinoma (ccRCC) cells inhibited cell proliferation. They revealed that the expression of SENP1 was positively correlated with pathological grades of ccRCC tumor, and the high expression of SENP1 was an indicator of poor overall survival and advanced ccRCC tumors. 9 The results in our present study were consistent with those from Wang and Dong et al, 9, 13 showing that SENP1 was a risk factor for the poor prognosis of patients with NSCLC.
It has been reported that the overexpression and stabilization of HIF-1α acts as an oncogenic actor by activating its downstream glycolytic enzymes and promoting glycolysis and glucose metabolism in tumor cells. 9, [14] [15] [16] The prolonged expression of HIF-1α in cancer cells under hypoxic conditions promoted cell proliferation and metastasis, and enhanced the radioresistance of cancer cells. 9, 14, 15, 21 SENP1-mediated deSUMOylation of ubiquitin E3 is essential for the deSUMOylation and stabilization of HIF-1α, whose overexpression is positively correlated with the poor overall survival of cancers. 9, 18, 19 There was evidence of the expression of SENP1 in desensitized cancer cells to chemoradiotherapy via the upregulation of HIF-1α. 21 This was consistent with our result that SENP1 expression was correlated with poor overall survival of NSCLC, and also consistent with the fact that NSCLC patients with higher SENP1 expression showed lower rate of complete response to chemotherapy when compared with patients with lower expression of SENP1. These suggested that high SENP1 expression in NSCLC patients might be associated with resistance to chemotherapy.
The suppression of SENP1, however, had anti-angiogenic activity. [27] [28] [29] The inhibition of SENP1 expression could induce cell apoptosis and cell cycle arrest by inactivating nuclear factor-kappa B (NF-кB) signaling pathway in multiple myeloma cells 30 and could inhibit cell growth, migration, and EMT of hepatocellular carcinoma tumor cells by inhibiting N-cadherin and increasing E-cadherin. 31 These reports might reveal the therapeutic potential of using SENP1 suppression for NSCLC treatment.
In summary, we concluded that the SENP1 overexpression in NSCLC patients was correlated with resistance to chemoradiotherapy. The survival analysis showed that NSCLC patients with relatively higher SENP1 expression showed short survival time. Moreover, SENP1 might be used as a risk factor for the poor prognosis of NSCLC.
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